Introduction
Epilepsy affects 0.5-1% of the British population and up to a quarter of people with epilepsy are believed to have intellectual disabilities. 1 Epilepsy is more common in people with intellectual disabilities than the general population and seems to increase with the severity of disability. 2 Prevalence rates rise from 15% in people with moderate intellectual disabilities to 30% in people with severe and profound intellectual disabilities. 1 In England, National Institute for Clinical Excellence (NICE) clinical guidelines state that diagnosis of epilepsy should be established by a specialist medical practitioner with training and expertise in epilepsy. 3 Diagnosis is based upon a detailed history and (where possible) eyewitness reports of events usually supplemented with EEG. Where diagnosis cannot be clearly established, further investigations (e.g., blood tests, sleep EEG, neuro-imaging and 12-lead ECG) and/or referral to a tertiary centre and cardiologist should be considered. 3 It is difficult to diagnose epilepsy and epilepsy may be misdiagnosed in around 25% of cases. 3 Conditions such as syncope, paroxysmal disorders or conversion disorder may be misdiagnosed Seizure 20 (2011) 101-106 as epilepsy, 4 leading to potential over-diagnosis of epilepsy.
Alternatively, the symptoms of epileptic seizures may be misdiagnosed as resulting from psychiatric or associated disorders, leading to potential under-diagnosis of epilepsy. 3 The adequacy of epilepsy service provision and resourcing may also have implications for diagnosis; e.g., the misdiagnosis or mistreatment for childhood epilepsy by a Paediatrician Consultant working at Leicester Royal Infirmary in the 1990s drew attention to the potential for misdiagnosis and raised a number of questions about the provision of epilepsy services in the United Kingdom. [5] [6] [7] [8] The misdiagnosis of epilepsy may lead to human costs such as distress to patients and carers, unnecessary lifestyle changes, social stigma, social and financial deprivation. 9, 10 People may receive inappropriate treatment for a condition they do not have, whilst their true condition is not being treated. Seizure activity may continue when epilepsy is not diagnosed and treated and very occasionally, an incorrect diagnosis of epilepsy can result in death if a serious condition remains undiagnosed or untreated. 3 In addition, the misdiagnosis of epilepsy has economic costs, placing an unnecessary burden on the NHS. 3 Taking into account unnecessary treatment costs, the economic costs of lost work and payment of disability living allowance, the estimated annual cost of epilepsy misdiagnosis in England is around £189 million.
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The recently published 'Consensus guidelines in the management of epilepsy in adults with intellectual disability' identified both the misdiagnosis of non-epileptic events as epilepsy and the underdiagnosis of particular seizure types as particular problems in people with intellectual disabilities. 11 Two literature reviews suggest that people with intellectual disabilities are at additional risk of misdiagnosis for a number of reasons including stereotypical behaviours, drug induced involuntary body movement disorders such as tardive dyskinesia, communication difficulties, dependence on the observations of carers and difficulties gaining an EEG.
2,12
The systematic literature review reported here was carried out because a group of intellectual disability and epilepsy health practitioners wanted up-to-date evidence about the misdiagnosis of epilepsy amongst people with intellectual disabilities. The review team consisted of health practitioners and commissioners working in epilepsy and intellectual disability services, researchers and health information specialists. The review aimed to examine evidence on the following questions: (i) How common is the misdiagnosis of epilepsy amongst people with intellectual disabilities?
(ii) What are the reasons for misdiagnosis of epilepsy amongst people with intellectual disabilities? (iii) What are the implications of misdiagnosis of epilepsy amongst people with intellectual disabilities? (iv) How can the process of diagnosis be improved for people with intellectual disabilities? (v) How can misdiagnosis of epilepsy with people with intellectual disabilities best be addressed?
Methods

Identification of studies
Relevant published and unpublished studies were identified by searching the following electronic databases: AMED, British Nursing Index (BNI), CINAHL, MEDLINE, EMBASE, HMIC, PsychInfo, Cochrane Library, and Social Care Online. In all cases the results were restricted to the previous 10 years (January 1998-August 2008). The following search terms were used as free text or subject headings as appropriate for each database: learning disabilities, intellectual disabilities, mental retardation, developmental disabilities, learning disorders, mental handicap, mentally disabled persons, mental deficiency, intellectual impairment, developmental disorder, epilepsy, misdiagnosis, underdiagnosis, overdiagnosis, incorrect diagnosis, missed diagnosis, diagnostic errors and seizure.
Key websites in epilepsy and intellectual disabilities were also searched to identify further published and unpublished work. Researchers and experts in the field were contacted via the Learning Disability Health Network, the Epilepsy Action Network and the Epilepsy Nurse Specialist Network. Further literature was sought through the citation trails from identified references. Table 1 gives details of the inclusion and exclusion criteria for the review.
A total of 105 references were identified by the searching process. Titles and abstracts of all references found by the searches were screened to identify references which might be relevant to the review. Full text versions of potentially relevant articles and studies were examined by the group in order to determine whether they met the inclusion criteria. Two members of the review team decided independently whether each paper should be included and if there was any doubt about whether a paper should be included the paper was discussed by the group until consensus was reached. This resulted in eight publications being considered 
Critical appraisal and data extraction
Each study which met the criteria for inclusion was allocated to two members of the review group for independent critical appraisal using tools produced and provided by CASP at the Public Health Resource Unit, Oxford.
14 Reviewers considered study population, methodology, data collection, findings and followup. The findings and any issues arising from the critical appraisal were discussed as a group.
Findings
Included studies
Of the eight published studies which were included in the review, six were cohort studies [15] [16] [17] [18] [19] [20] and two were case studies. 21, 22 The studies are summarised in Table 2 . The majority of participants in the studies were children or adolescents with only one cohort study 15 and two case studies 21, 22 focusing on adults. Table 3 summarises the key findings relating to the levels of epileptic and non-epileptic events recorded in the cohort studies. Between 15 and 43% of the cohorts with and without intellectual disabilities had non-epileptic events recorded. 16, 17, 20 It was difficult to determine whether levels of non-epileptic events recorded were higher in those with intellectual disabilities due to the lack of information on total numbers of those with intellectual disabilities in some studies. Where this information was provided, 32-38% of those with intellectual disabilities were diagnosed as not having epilepsy or having non epileptic events. 17, 20 Behavioural events were more frequently diagnosed and psychogenic events less frequently diagnosed in children with intellectual disabilities. 20 
How common is the misdiagnosis of epilepsy?
Reasons for misdiagnosis
Throughout the studies a common reason for misdiagnosis was the misinterpretation of epileptic or non-epileptic events by parents, paid carers and health professionals. Parents were often confused by non-epileptic events such as complex self stimulatory tics 19 and behaviours (e.g., a young man going quiet, turning his head to one side, and counting to himself repeatedly whilst tapping his leg with his hand), even when a person may not appear confused or disorientated. 22 Non-epileptic events were incorrectly reported as being epileptic seizures by 82% of parents of females with Rett Syndrome reporting an event. However, other parents did not recognise events associated with discharges as being epileptic: whilst 13 females with Rett Syndrome had EEG seizure discharges associated with a clinical event, only 5 parents identified these as an epileptic seizure. 18 In a sample of adults with multiple disabilities and a diagnosis of epilepsy, 94% of new seizure types reported by staff working in an institution were non-epileptic events. The 6% of new seizure types which were confirmed as epileptic occurred where staff had identified the clinical progression of existing seizures, probably due to medication change. Reasons suggested for the incorrect diagnosis by care staff included poor training and communication and lack of continuity and consistency of staff. 15 Hospital staff may be unaware of symptoms of relatively rare syndromes such as Sandifer Syndrome and misdiagnose these as epilepsy, especially if occurring in adults with intellectual disabilities. 21 Community learning disability team staff may have little awareness of the subject of differential diagnosis and common disorders that could be mistaken for seizures, and different levels of knowledge of non-epileptic events and diagnostic tests. They generally accepted information given by families and were unlikely to challenge a diagnosis.
22 Table 4 summarises non-epileptic events which have the potential to be mistaken for epileptic events identified within the studies. On clinical grounds alone it can be difficult to distinguish epileptic events from normal phenomena that appear in a person's repertoire of behaviours or physiological or syndrome-related occurrences. Whilst the signs described in Table 4 could be features of a seizure they may indicate events requiring further investigation to determine whether they are epileptic or not.
The implications of misdiagnosis
The studies demonstrate that people may receive the incorrect treatment due to misdiagnosis. If non-epileptic events are misdiagnosed as epileptic events people may be prescribed unnecessary antiepileptic medication. 48% of those with Rett Syndrome whose seizures were not associated with EEG seizure discharges were receiving antiepileptic medication. 18 In one study 35% of patients with paroxysmal non-epileptic events had been started on antiepileptic medications unnecessarily 16 ; in another study 35 of the 87 children without epilepsy had been treated with antiepileptic medications at admission and a further 22% had been treated with antiepileptic medications which had been tapered off prior to admission. 17 Conversely, if a diagnosis of epilepsy is missed people may not be prescribed antiepileptic medication which might control epileptic events; 30% of the females with Rett Syndrome with recorded EEG seizure discharges were not receiving antiepileptic medications. 18 Finally, other health conditions, such as Sandifer Syndrome, may not be correctly treated if misdiagnosed as epilepsy. 21 
Discussion
This review had a number of strengths. It was carried out by a multidisciplinary team whose members brought a range of skills and knowledge to the review. Many aspects of the review process 15% of children and adolescents monitored had paroxysmal non-epileptic events 11% of children with paroxysmal non-epileptic events had developmental delay 5% had developmental delay and epilepsy Uldall et al.
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39% did not have epilepsy 30% of those referred with no doubts about diagnosis had diagnosis disproved 47% of those presenting for the first time discharged with diagnosis of non-epileptic seizures 38% of those with intellectual disabilities were diagnosed as not having epilepsy Table 4 Events which have the potential to be misinterpreted as epileptic events.
Behavioural a Stereotypic repeated blinking or swallowing 15 Self stimulatory tics or behaviours 15, 19, 20, 22 Spontaneous smiling or grimacing, laughing episodes 15, 20 Staring spells 16, 17, 19, 20 Inattention, unresponsiveness, going quiet, apparent psychomotor arrest 15, 16, 21, 22 Simulation of convulsions 15 Physiological a Head and/or eye turning 21, 22 Buccolingual movements 15 Hypnic jerks 16 Dystonic and tonic posturing, stiffening of limbs 15, 20 Ataxia with falls 15 Syndrome related a Behaviours, motor abnormalities or EEG abnormalities associated with Rett Syndrome (e.g., breath-holding, abnormal hand movements, and unresponsiveness) 18, 20 Symptoms of Sandifer Syndrome 16, 21 Medication related Personality changes due to reduction of antiepileptic medication 15 Decreased daytime alertness because of side effects of antiepileptic medication or disturbed sleep 15 Psychological Conversion disorder 16 a Some events could be in more than one category (e.g., head turning and stereotypic blinking could be behavioural or physiological).
were robust; e.g., a wide range of databases were searched and decisions about inclusion/exclusion and critical appraisal were carried out by two or more team members to help ensure quality and avoid bias. However, few studies were identified and those included were not as focused on the review questions as the team initially expected. The majority of study participants were children, therefore the findings may not be applicable to adults with intellectual disabilities. Most of the cohort studies were carried out in the United States, with one study in Australia and one in Denmark; there are no large scale studies to determine the size of the issue in other countries.
The review findings have to be interpreted bearing in mind a number of methodological concerns relating to the studies. It is not clear how generalisable the case studies' findings are. 21, 22 Many cohort studies provided incomplete data about the number of people with intellectual disabilities included in the sample and/or the number diagnosed with epileptic events. Different terminologies relating to intellectual disabilities were used (e.g., 'developmental delay', 'mental retardation', 'multiple disabilities' and 'neurological impairment') and the criteria for defining these categories were rarely described. It is therefore difficult to draw conclusions from studies and make comparisons across studies.
The levels of non-epileptic events found in some studies may be affected by referral or selection bias. People are more likely to be referred for monitoring if there is uncertainty over the appropriate diagnosis, leading to overestimation of the true level of nonepileptic events in the wider population. Common events such as syncope and breath-holding spells are likely to be underrepresented within inpatient studies, leading to underestimation of events. Most papers do not describe whether people were referred by specialist intellectual disability services; if not, people with intellectual disabilities may be under-represented in samples.
There are a number of ways in which the method of collecting information or making the diagnosis may have led to further potential for bias. Generally, in the cohort studies the diagnosis was made by only one person.
19,20 EEG monitoring was not always carried out for all participants 17 or of consistent quality 18 ; therefore, it is not possible in these cases to determine whether events were associated with epileptic discharges or not. There are also issues about whether monitoring was long enough to detect epileptic events and the lack of long term follow up in the majority of studies adds to this concern. 15, [16] [17] [18] [19] However, the studies do indicate high levels of non-epileptic events which have the potential to be misdiagnosed as epileptic events in people with and without intellectual disabilities. The studies also show that the occurrence of seizures may be both over-estimated and under-recognised. People may experience a combination of epileptic and non-epileptic events and in some cases it may not be possible to reach a diagnosis. The knowledge of family members, support workers and a range of health staff also affects whether events are correctly diagnosed as epileptic or not.
These issues are not unique to people with intellectual disabilities. However, the findings do suggest that people with intellectual disabilities are likely to face additional barriers to receiving an accurate diagnosis. The review corroborates earlier findings that cognitive, behavioural, affective, communication and motor problems and side effects of medication experienced by people with intellectual disabilities may be misinterpreted as epileptic events. 2, 12, [24] [25] [26] [27] [28] [29] [30] [31] Other studies have found that diagnosis of epilepsy may be complicated by communication barriers and the consequent dependence on paid and family carers to provide a history. 12, 19, 32 A recent study found that people with intellectual disabilities and psychogenic non-epileptic seizures were markedly more likely than those without intellectual disabilities to have documented past episodes of prolonged or repeated non-epileptic seizures that were misidentified or treated as epilepsy in hospital.
The authors suggested that an increased readiness by hospital doctors to diagnose epilepsy in patients with intellectual disabilities or the response of carers to psychogenic non-epileptic events might explain this. 23 In line with NICE guidelines all people presenting with a first seizure should be assessed by clinicians with expertise in epilepsy because of potential high rates of diagnostic inaccuracy.
3 Nonepileptic events should be considered as a matter of course, particularly in people with intellectual disabilities. However, a recent study found that only about half of epilepsy diagnoses for people with intellectual disabilities had been made by a seizure expert and that in parts of England less than half of people with a diagnosis of epilepsy and intellectual disabilities may have had EEG investigations and even fewer brain imaging. 33 Whilst it has been suggested that it may be more difficult to get EEG readings for people with intellectual disabilities, 34 this review indicates that video-EEG monitoring is valuable in reaching correct diagnosis, particularly with people with intellectual disabilities, and that short-term monitoring may be sufficient to classify frequent events. 15, 20 It is worrying that in the case studies misdiagnoses were only detected by chance: e.g., someone having an event whilst an intellectual disability team nurse visited, 22 and because paediatric members of an epilepsy team had experience of Sandifer Syndrome. 21 Learning disability team members may not question a diagnosis or may be unwilling to challenge an existing diagnosis of epilepsy. 22 Given the potential for misdiagnosis, it is important to review the diagnoses of epilepsy amongst adults with intellectual disabilities, and better education of GPs, primary care staff and learning disability team members is needed on the potential for misdiagnosis and the importance of reviewing diagnosis within annual reviews. Awareness-raising is also needed amongst hospital staff, direct care workers, and family members. The review highlighted a clear lack of research focusing on the diagnosis and misdiagnosis of epilepsy amongst people with intellectual disabilities. Whilst cohort studies have been carried out in the United Kingdom on the diagnosis and misdiagnosis of epilepsy, 35, 36 they do not include details of the number of people with intellectual disabilities. Conversely, recent studies focusing on epilepsy and people with intellectual disabilities have not investigated the potential level of misdiagnosis. 33, 34 Whilst the review shows that misdiagnosis may lead to inappropriate treatment and medication, the included studies did not explore the wider implications of misdiagnosis on the lives of people with epilepsy and carers (e.g., lifestyle, social and financial impacts). Future research could usefully explore the diagnosis and potential levels of misdiagnosis of epilepsy amongst children and adults with intellectual disabilities; the impact of reviewing epilepsy diagnoses with people with intellectual disabilities; means of improving staff and family knowledge of epilepsy and the diagnosis and management of epilepsy; and the attitudes and experiences of people with intellectual disabilities who have a diagnosis of epilepsy and their families.
